Plasticity of astrocytes derived from aged mouse cerebral hemispheres: changes with cell passage and immortalization.
This study was targeted at the beginning to understand the functional status of glial cells derived from aged brain. We have previously characterized passaged cell cultures derived from aged mouse cerebral hemispheres (MACH) and found them to contain large populations of astrocytes, type 1, as well as limited numbers of astrocytes, type 2, oligodendrocytes, and progenitor cells. Using the activity of the astrocyte marker, glutamine synthetase (GS), as an index, we found that MACH astrocytes continue to respond to several microenvironmental signals, including the cAMP-enhancing agents dibutyryl cAMP and R020-1724 (an inhibitor of phosphodiesterase). In addition, whereas the basal activity of GS increased with cell passage, their response to these agents was cell-passage dependent, increasing at early (21-22) passages and decreasing at later (46-51) passages. Because neurotrophins (i.e., NGF and EGF) also provide microenvironmental signals essential to normal glial function, MACH cultures were assessed for their response to these factors. MACH cultures at passage 35 responded to treatment with NGF and EGF with a dose-dependent increase in GS activity by both neurotrophins. With the intention of arresting these cultures at a specific stage of differentiation, these cells were immortalized at passage 19 by transfection with the gene encoding SV40 Large T antigen. These immortalized MACH responded to exposure to dBcAMP and RO20-1724 with a marked decrease in GS activity, mimicking the response of normal MACH glia at late passage. Finally, because it has been shown that glia from both immature and adult brain contain neurotrophins and respond to neurotrophins via a receptor-mediated pathway, we examined expression of NGF protein as well as NGF (p75) and EGF receptor protein in various passages and colonies of normal and immortalized MACH cultures. We found a consistent expression of all three proteins in the various cell populations. Results of this study suggest that astrocytes from aging brain continue to function normally with respect to several parameters (i.e., response to neurotrophins and differentiating agents). Thus, they retain their plasticity to a great degree through early cell passages. However, with advancing cell passage this plasticity declines and cell homeostasis is impaired. We propose, therefore, that astrocytes undergo several critical periods in their functional lifespan, one of which is represented by the functional transition demonstrated in this study.